The present study was undertaken to evaluate the effect of different levels of wheat flour on the quality characteristics of chicken meatball. Wheat flour which acts as a binding agent of meatball except for control group T 1 . The meatballs were formulated having 0%, 5%, 10% and 15% wheat flour. The sensory (colour, flavour, texture, juiciness, tenderness, overall acceptability), physicochemical (proximate analysis, p H , cooking loss), biochemical (TBARs, POV, FFA) were analyzed. Treatments were analyzed in a 4×3 factorial experiment in CRD replicated three times per cell. Wheat flour inclusion in meatballs increased cooking yield by reducing weight loss from 27.06 to 26.49%. Among four treatments most preferable colour, odour, tenderness, juiciness was observed significantly (p<0.05) at 15% wheat flour group and the less preferable colour was observed from the control group. The preferablecolourwas observed at 0 days and less preferable colour at 30 day. Meatballs made
INTRODUCTION
Chicken meat has gained much popularity among consumers and the consumption rate of chicken meat and chicken meat products is increasing day by day throughout the world. Among the different meat products, the meatball is one of the tasty and popular food's item. Meatballs can be made with beef, lamb, veal, pork, turkey, chicken and even offal. Meatball is a small ball of chopped or ground meat often mixed with bread crumbs and spices. For economic benefits, the substitution of beef in meatball with the meat of lower price such as chicken takes place frequently. The addition of fat replacers may lead to decreased energy value and cholesterol contents. Fat contributes key sensory benefits to foods and is perceived through mouthfeel, taste, and aroma/odour (Sampaio et al., 2004) . Therefore, the reduction of fat content may have a large effect on the quality attributes of meat products such as colour, flavour, texture and binding properties. For this reason, ideal sources of fat replacers are needed to improve the functional value of meat products. Non-meat ingredients play a significant role in the modification of functional properties such as emulsification, and water and fat binding capacity, which may impact the textural properties. In the past, starch was added as a source of carbohydrates and to thicken the texture of meatballs by Huda et al. (2009) . Today, starch is extensively used as a stabilizer, texturizer, water or fat binder and emulsifier. Apart from these functions, starch can also increase the gel strength and freeze-thaw stability of meatballs if added to appropriate levels by Serdaroglu et al. (2005) . The aims of this study were to investigate the suitable level of wheat flour adding and its effects on the proximate composition, physicochemical properties and sensory qualities of chicken meatballs.
MATERIALS AND METHODS

Sample preparation
Boneless broiler meat of 2.5 kg from the freshly slaughtered chicken was collected from Bangladesh Agricultural University Poultry Farm, Mymensingh. The meat was ground properly and the spices, garam masala, salt, Ice flakes, refined vegetable oil, refined wheat flour, the sauce was mixed with the ground meat properly as per experimental design. There were four treatment groups are treated as a T 1 -control group (no flour), T 2 -5% flour, T 3 -10% flour, and T 4 -15% flour. Then meatball of proper shape was prepared separately. It was then boiled in hot water for 2-3 minutes. Then the water was removed from the meatball properly and was fried in hot oil until the reddish brown colour was obtained.
Sensory evaluation
Sensory evaluation was carried out in individual booths under controlled conditions of light, temperature and humidity. Prior to sample evaluation, all panellists participated in orientation sessions to familiarize with the scale attributes (colour, smell, juiciness, tenderness, overall acceptability) of meatball using an intensity scale. Sensory qualities of the samples were evaluated after thawing of before cook and after cook using a 5-point scoring method. Sensory scores were 5 for excellent, 4 for very good, 3 for good, 2 for fair and 1 for poor. Sensory evaluation was accomplished at 0-day and repeated at 15, 30 and 60 day; up to the end of refrigerated storage at -20±1ºC.
Proximate composition
A proximate composition such as dry matter (DM), ether extract (EE), crude protein (CP) and ash was carried out according to the methods (AOAC, 2005) .
Biochemical analysis
Three types of biochemical analysis were practised in this research. The free fatty acid value was determined according to Rukunudin et al. (1998) . Peroxide value (POV) was determined according to Sallam et al. (2004) . Lipid oxidation was assessed in triplicate using the 2-thiobarbituric acid (TBA) method described by Schmedes and Holmer (1989) .
Physicochemical properties measurement P
H value of raw and cooked meatball was measured using p H meter from raw meatball homogenate. The homogenate was prepared by blending 5g of meat with 10 ml distilled water. Cooking loss of chicken meatball also determined.
Statistical model and analysis
The proposed model for the planned experiment was a factorial experiment with two factors A(Treatments)and B (Days of Intervals)is:
Where, yijk= observation k in level iof factor A and level j of factor B µ = the overall mean Ai = the effect of level iof factor A Bj= the effect of level j of factor B Data were statistically analyzed using SAS Statistical Discovery software, NC, USA. DMRT test was used to determine the significance of differences among treatments means.
RESULTS AND DISCUSSION
Sensory evaluation
Mean scores for different sensory attributes obtained from the sensory evaluation are shown in table 1.Thepreferablecolour was observed at 0-day. The decreased colour test scores during storage resulted from the denaturation of proteins, particularly the myofibrillar protein that affects gel formation. Among four treatments significantly (p<0.05) higher colour score was observed in 15% wheat flour group than other treatments which are collaborating with the finding of Naveena et al. (2008) . Preferable good flavour was observed in 15% wheat flour group and the quality was deteriorated with increased storage period. Among these four treatments most preferable tenderness was observed at 15% wheat flour group at 0-day which is similar with the findings of Ali and Zahran (2010) also reported that supplementation improved chicken meat tenderness during storage. Ngapo et al. (2004) stated that juiciness as an indicator of meatballs freshness or even eating quality. The range of overall observed juiciness score at different treatments was 4.11 to 4.56. The preferableacceptability was observed at 0 day. The data show that the lowest test score was reduced to 3.83 in all treatments after 30 days of storage. 
Proximate analysis
The dry matter content was increased with the increased storage period because moisture loss was decreased with the storage period ( Table 2) . Similar results were reported for Indonesian traditional meatballs with a dry matter content ranged from 56.17 to 60.32% mentioned by Purnomo and Rahardiyan (2008) .The data showed that the highest amount of CP content was 20.70 in all treatments at 0 days of storage and the lowest amount of CP content was found after 30 days of storage. The protein result was lower compared to the protein content of Indonesian beef meatballs which ranged from 13.38 to 14.44 % reported by Purnomo and Rahardiyan et.al. (2008) . The highest amount of EE content was increased to 8.52% in all treatments after 0 day of storage. The Malaysian Food Regulation of 1985 stated that manufactured meat should not contain more than 30% fat. Malaysian beef meatballs can be classified as low-fat meatballs since the fat content ranges from 1.69 to 11.09%. The ash content was significantly changed with the increased storage period.The data show that the highest amount of Ash content was increased to 1.35% in all treatments after 60 days of storage. 
Physicochemical properties
The raw and cooked meat mean p H was decreased with the increased storage period. Table 3 showed a slight decrease in the raw meat p H values and an increase in the acidity values for all samples along with storage time during the 60 days of storage as a result of the increase of free fatty acids due to rancidity. The preferable cooked meat p H content was observed from 0-day and less preferable cooked p H was observed from 60 days observation. These results are similar to those of Sallam et al. (2004) who reported that storage time had a significant (p<0.05) effect on p H values, which tended to increase with storage time. The range of overall observed cooking loss at different treatments was 27.42 to 26.45%. The cooking loss was decreased with the increased storage period. Major components of cooking losses are thawing, dripping and evaporation. The cooking loss in meat cuts is important for maintaining an attractive retail display of meat. The values of cooking yield were similar to the results in high-fat Kung-wan meatballs reported by Huang et al. (2005) . Table 3 . Effect of wheat flour on physicochemicalparameters in chicken meatballs Column mean value in each row having different superscript varies significantly at values p<0.05. Again, mean values having the same superscript in each row did not differ significantly at p>0.05. T 1 =Control group, T 2 = 05% wheat flour group, T 3 = 10% wheat flour group, T 4 = 15% wheat flour group, DI=Day Intervals, Treat= Treatment, T×DI=Interaction of Treatment and Day Intervals.
Biochemical properties
The number of FFA increased with storage time ( 
CONCLUSION
The highest amount of dry matter content indicates this product is less preferable but the highest amount of CP content indicates this product is more preferable. Among four treatments most preferable colour, odour, tenderness, juiciness was observed at 15% wheat flour group. Therefore, it can be concluded that the 15% of wheat flour could be used for the production of meatball.
